Résumé. 2014 (ii) A gel, crosslinked in solution, deformed by drying (deswelling of 10, leading in one direction to a deformation of 10-1/3 ~ 0.46 too). The long chain was crosslinked with the other non-deuterated chains. We believe that a direct comparison of the two form factors is interesting for the times here involved (« rubbery plateau ») : the chain is a labelled path which is obliged, for the gel, to pass across numerous crosslinks and, for the melt, to pass through numerous entanglement points (meshes are comparable in the two cases).
Loss of affineness in gels and melts J. Bastide Abstract. 2014 We discuss measurements by mean of small angle neutron scattering of the form factor of a long chain (M &#x3E; 2 x 106) in two comparably deformed materials :
(i) A melt, stretched 4.6 times (leading, in a perpendicular direction, to a deformation 1/~4.6 ~ 0.46). The long chain, deuterated, is dissolved in the matrix non-deuterated chains.
(ii) A gel, crosslinked in solution, deformed by drying (deswelling of 10, leading in one direction to a deformation of 10-1/3 ~ 0.46 too). The long chain was crosslinked with the other non-deuterated chains. We believe that a direct comparison of the two form factors is interesting for the times here involved (« rubbery plateau ») : the chain is a labelled path which is obliged, for the gel, to pass across numerous crosslinks and, for the melt, to pass through numerous entanglement points (meshes are comparable in the two cases).
In addition to this direct comparison, we compare the two classical models of rubber elasticity (affine and phantom), for which we have calculated the form factor.
In spite of some differences, data for the two systems agree more between them than they do with classical models : the disagreement with those suggests a loss of affineness at larger scales than the mesh.
Introduction.
The purpose of this paper is to set up a scientific background and to use preliminary data for comparing two media.
-A gel is synthesized by crosslinking a semi-dilute solution (T = 0.1, T polymer volume fraction) of large polystyrene chains in a 0 solvent (cyclopentane, see below). The deformation considered is a deswelling from 10 times in volume to the dry state.
-A melt is constituted by large polystyrene chains in bulk. The deformation process is the following : first the sample is stretched rapidly in the molten state, above the glass transition temperature; then, it is kept in a constant shape and after a time t quenched in the glassy state, which freezes the relaxation.
Though different, both systems have a common feature : a state of elastic deformation, i.e. one that is highly recoverable when the constraints are released. For the first system, the constraint is to impose the density of bulk chains upon the sample. Swelling the sample at the initial concentration in the same solvent would release the constraint. The deswelling is isotropic : in any direction, the deformation ratio is therefore (1/10)1/3 = 0.464. For the second system, the constraint is to impose a new length L = 4.6 Lo, with Lo being the initial length. Since the deformation is performed at a constant volume, the deformation ratio in a perpendicular direction is 1/(4.6) 1/2 = 0.466.
In this paper, we [12] ).
These polymer mixtures were radiation crosslinked by exposure to a gamma ray source (Co 60) at 25°C. The description of the mechanism of the reaction will be published elsewhere [13] . It is, however, important to note that the solvent molecules on which radicals are initiated not only act as a diluant but also play an active role in the chemical linking of the chains. The practical consequences are the low doses of irradiation necessary to achieve crosslinking (10 % of that required [14] , [39] by its elastic modulus G (measured in uniaxial compression) in pure toluene, and by its cooperative diffusion constant Dc, again in pure toluene, determined in Dr. Candau's laboratory by quasielastic light scattering spectroscopy analysis [15] . The Thus, in the case of stretched samples the scattering was anisotropic and cells of the same q modulus regrouped by sectors of 20 (resp. 10) degrees for parallel (resp. perpendicular) direction to the elongation axis, giving S(qll) (resp. S(q.1)). For deswollen gels the scattering was isotropic (as was the deswelling), and the regrouping was annular.
In both cases the signal was subtracted from the incoherent part due to hydrogen nuclei and normalized by transmission thickness. The obtained quantity is called normalized coherent scattering and will be noted S(q). In an ideal experiment, the molecular weights of the deuterated and the non-deuterated chains should be equal. This (4) to obtain SD(q) ; thus our result is spoiled by the form factor of the non-deuterated chains. The error s(q) that it produces is evaluated in appendix 1. There we give the form factor for a chain of mass 8 x 105 deformed under same conditions (by drying a gel). At high q, the curves are rather close together; the error is maximum at the lowest q. For the gel, because OD is small it will never be more than 1 %. For the melt, it will be 5 % for q = 1 to 2 x 10-2 A-', but less than I £ for q = 6 to 8 x 10-2 A-'. [1] and [8, 9] Melt data. - Figure 1 shows the plot obtained for the smallest values of t. In the parallel direction, the curve increases continuously with q up to the level of the isotropic sample; in the perpendicular direction we observe a maximum in the curve. A simple explanation for this is as follows. Over long distances, the conformation is very different from the isotropic one. In the parallel direction the q2 S(q) curve falls below the isotropic plateau, whereas in the perpendicular, it lies above it At small distances the chain is no longer anisotropic, and S(q) goes back to its isotropic values for both directions. In the perpendicular this leads to a maximum which attests to the loss of affineness. The curve for t = 10 min, &#x3E; t = 1 min, is slightly more relaxed (closer to the isotropic curve) than the curve for t = 1 min. In contrast, the curve of t = 40 min (not shown here) remains equal, within the accuracy, to the one for 10 min.
Gel data. -In figure 1, data The first is the measurement of the radius of gyration of the mesh for different concentrations in osmotic deswelling of a gel (different from the deswelling concerned in this paper) [4] . When decreasing the concentration of the gel, starting from the equilibrium swelling value, the variation of the radius is nearly a plateau on a large range of concentrations. The mesh size appears very slightly deformed in this range.
The second is the measurement of the form factor of the elementary chain for uniaxially deformed PDMS rubbers with labelled meshes [5] . The [24] .
Remark. -Instead of fitting the different models for the real value of Q, the deswelling ratio, or of A, the stretching ratio, we can, very simply, make A (or Q) vary in order to obtain a best fit of the models for A* (or Q *) (the concept of A* has been used by several authors, as Ullman). Such fits will be discussed for gels as well as for melts in a following paper. [1] . The value for our gels, 35 [27, 28] of reptation. In the Doi-Edwards model [29] , most successful in describing the viscoelastic properties upon deformation, the relaxation at constant strain is described through three processes.
In the first process the chain moves as free for times smaller than T tr ma, = T R....(Me) -that is, for distances smaller than DMe. At larger times, the entangled medium is depicted as a fixed tube in which each chain moves. Consider a chain passing through some sliplinks. These are permanent crosslinks, but the chain can slip inside them as it « reptates » in the tube. The stress is calculated from that model using the classical theory of rubber elasticity, assuming the affine deformation of the mean positions of the junctions (i.e. the sliplinks). This leads to the second and the third processes. The second process is the equilibration of the chain inside the tube; we will return to it in the discussion. In the third process the chain disengages from the sliplinks at its two ends, so the number of sliplinks of decreases. Condition ( 1 a, b) allows to assume that the third process is not relevant here.
Following that picture, the tube model indeed sees the chain under (la, b) as a labelled path in a network.
We could thus calculate the functions S,(q) in range (2) assuming the junction affine model with a mesh size corresponding to Me = 20 000. The calculated curve is presented in figure 3 : for the perpendicular direction the comparison of the data to the model shows a disagreement similar to that of the case of the deswollen gels with the same model (with M= 35 000). Using the phantom network calculation, we observe another bad agreement in figure 3 , although it is better than for the junction affine model. The use of both classical elasticity models inside the sliplink model thus leads to a disagreement with SANS measurements (1). Fig. 3 (1) We used a cruder model, previously [9, 10] , one that we call a sliding mesh model, and it is described in appendix 2 (Sect. A. 3).
The comparison with experimental data on melts shows a larger disagreement than for either the junction affine or the phantom models. In a previous work [9, 10] , we compared data using the sliding mesh model in parallel as well as in perpendicular directions. The agreement was much better in the parallel direction than we observed here. In the perpendicular direction it was less satisfactory but better. This might be due to the fact that the elongation is here 4.6, while it was only 3 in the previous work. This will be discussed elsewhere [30] [31] [32] [33] . This contraction should also lead to a decrease in the radius of gyration in the same time; however, our detailed measurement of that radius [8, 9, 10, 40] failed to observe the contraction. We can now propose an explanation for this failure : it could be possible if the tube is no longer completely fixed. The motion of the tube would be parallel to the reptation processes; and it has been proposed that this would be due to the motions of the other chains which would destroy some of the entanglements (o tube renewal »). However, we propose that the entanglements are still permanent (so that there would be no difference with a crosslinked melt), but that the tube moves via some « rearrangements », escaping the affine deformation of the tube. This would explain the smoothed and widened loss of affineness observed here, and possibly correspond to the interpenetration effect discussed in section 5 as well.
Conclusion.
Let us summarize the results we put forth in this paper. In figure 4 we have plotted in a Kratky plot representation ND PA(q) and ND PD(q) = NH PH(q). The ratios of the corresponding ordinates of the curves will lead to an estimation of 6 = N A PDA(Q)IN PH(q). At the very beginning of the curves 6 is of the order of 2, and then, in the asymptotic regime, it decreases to 1.2 or even less. We can conclude that e(q) will be nearly one percent at the beginning of the curve and even less at larger q. Consequently e is, in this case, completely negligible. (ii) The melt. -In the case of the melt, we did not measure the intensity scattered by a chain of same length as that of the matrix. Nevertheless, since the polymerization index is closer in the case of the melts (by roughly a factor of 2), it can be reasonably postulated that 6 will be closer to unity, ranging between 1.5 in the small q regime and 1.2 in the high q regime. 8(q) will therefore be of the following orders of magnitude :
We observe that this systematic error s is not important enough to modify the conclusions of this study in the smaller q regime, and it is negligible in the larger q regime. [21] and Ullman [18] . We The first sum is calculated using the same method as A(q), while the second is easily integrated. S(q) has been calculated for three values of I corresponding to the preceding meshes of 20 000, 35 000 and 50 000. The results are reported in figure 7 . The humps are much more pronounced here than in the junction affine model : the deformation is larger. This arises from the fact that when the junctions are affinely deformed, the chains partly relax between them, and this effect also diminishes the deformation for pairs which are not located on the same subunits. This effect is cancelled for I i -j I &#x3E; I in the sliding mesh model.
